We measured the antioxidant contents and antioxidative activities in eight Allium fistulosum-shallot monosomic addition lines (MAL; FF+1A-FF+8A). The high antioxidative activity lines (FF+2A and FF+6A) showed high polyphenol accumulation. These additional chromosomes (2A and 6A) would therefore have anonymous genes related to the upregulation of polyphenol production, the antioxidative activities consequently being increased in these MALs.
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Antioxidants absorbed from food have been shown to be effective scavengers of active oxygen.
1) The bunching onion (Allium fistulosum L.) is one of the most important vegetable crops in eastern Asia, especially in Japan, Korea, and China.
2) However, few reports on its antioxidant composition and antioxidative activity have been published. 3, 4) Eight A. fistulosum L. (genomes FF)-shallot (A. cepa L. Aggregatum group, genomes AA) monosomic addition lines (MALs; 2n ¼ 2x þ 1 ¼ 17, FF+1A-FF+8A) display morphological and physiological characteristics different from those of the A. fistulosum parent, 5) likely being due to an alien gene or genes on the extra chromosome from shallot. The antioxidant contents and antioxidative activity of MALs were evaluated to determine the effects of a single alien chromosome addition from shallot on the production of antioxidant substances and the increase of antioxidative activity in A. fistulosum, and to reveal the relationship between the contents of antioxidant substances and the antioxidative activity of Allium.
To determine the total polyphenol and ascorbic acid (AsA) contents from the leaf blades (green leaf) of MALs, two extractions (2% metaphosphoric acid and 70% hot ethanol) were performed once a month from April 2005 to March 2006 according to the respective methods described by Yaguchi et al. 6) and Hang et al.
7)
The total polyphenol and AsA contents were determined as described by Yaguchi et al. 6, 8) At the same time, a non-heated 70% ethanol extract of leaf blades was prepared to determine the antioxidative activities. Cold ethanol was substituted for hot ethanol for the nonheated 70% ethanol extraction.
To measure the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity, an adequatelydiluted non-heated 70% ethanol extract was mixed with a 200 mM 2-morpholinoethanesulfonic acid-KOH buffer (pH 6.0, 0.9 mL) and 0.9 mL of 30% ethanol, and then added to 0.9 mL of 400 mM DPPH in ethanol (a final concentration of 100 mM). The mixture was shaken vigorously and left to stand for 20 min at room temperature in the dark. The absorbance at 520 nm by DPPH was measured by using a U-2001 spectrophotometer (Hitachi High-Technologies Co., Tokyo, Japan). The DPPH radical-scavenging rate was calculated for each sample, and the 50% scavenging concentration based on the DPPH radical-scavenging rate was also calculated based on the following formula:
DPPH radical-scavenging rate (%)
where A is the absorbance of the sample when a blank was substituted for ethanol, B, the absorbance of the sample when a color-contrast agent was substituted for ethanol in the DPPH radical-ethanol solution, and C, the absorbance of the color-contrast agent alone. The 50% scavenging concentration of an amount of sample tissue was calculated as IC 50 and is expressed as a reciprocal number (1/IC 50 ). The assay for the hydrophilic oxygen radical absorbance capacity (H-ORAC) was performed as described by Huang et al. [9] [10] [11] Monthly data for the AsA content, polyphenol content, DPPH radical-scavenging activity, and ORAC value for MALs and A. fistulosum were used for a one-way analysis of variance and subsequent Dunnett's test.
The AsA content in the A. fistulosum control varied from 24.5 to 124.5 mg/100 g fresh weight (FW) ( Table 1 ). The AsA contents of FF+1A and FF+2A were higher than those of A. fistulosum throughout the year. The polyphenol content of A. fistulosum varied from 33.4 to 68.3 mg/100 g FW. Three MALs, FF+2A, FF+6A and FF+8A, showed higher polyphenol accumulation than A. fistulosum (Table 1) .
The maximum 1/IC 50 values for five MALs (FF+2A, FF+5A, FF+6A, FF+7A, and FF+8A) were found in the winter (Fig. 1) , while the minimum values for all plants were found in the summer (August, 2005). Dunnett's test showed a significant difference between A. fistulosum and four MALs (FF+2A, FF+6A, FF+7A, and FF+8A) ( Table 1) . The H-ORAC values for A. fistulosum ranged between 710.5 and 1809.8 mmol trolox equivalent (TE)/100 g FW (Fig. 1) Figure 2 shows positively high correlation between the polyphenol content and DPPH radical-scavenging activity. Positively high correlation in the ORAC value between the polyphenol content and DPPH radicalscavenging activity was also apparent. A high correlation in the antioxidative activity between DPPH and the ORAC value has also been observed in previous studies. 12, 13) Polyphenol seemed to be the major contributor to the antioxidative activity of MALs and A. fistulosum. In previous studies, a small decrease in several chemical compounds, including polyphenol, has been reported in August 7, 8, 14, 15) as well as the ORAC values found in this study. Shigyo et al. have described that the growth rate of MALs and A. fistulosum, including the leaf extension speed, gradually decreased from the summer (August) to winter. 5) A positive linear relationship between polyphenol and ORAC was determined in this study and had also been previously reported in several other studies. [16] [17] [18] It therefore seems that the decrease in polyphenol content, accompanied by slower growth of MALs and A. fistulosum during the summer, resulted in the small decrease in ORAC value during August. Different effects of a single alien chromosome addition have been apparent in the production of several chemicals in previous studies. 7, 14, 15, 19) In the present and previous studies, 8) three MALs (FF+2A, FF+6A, and FF+8A) showed a higher polyphenol content than A. fistulosum; it therefore could be expected that the increased polyphenol content in A. fistulosum could be accomplished by alien chromosome addition from shallot. As a result, high ORAC values for FF+2A and FF+6A could be detected. The ubiquitous plant enzymes, phenylalanine ammonialyase (PAL) 20) and chalcone synthase (CHS), 21) are key biosynthetic catalysts in the respective assembly of phenylpropanoid and flavonoid. In a previous study, the PAL and CHS-A genes have been assigned to chromosome 2A of shallot. 8, 22) The higher polyphenol accumulation observed in FF+2A could have been due to the higher expression of these enzyme genes. Thus, anonymous genes by the gene dosage effect related to the upregulation of polyphenol production and following the increase in ORAC values, other than PAL and CHS, could be located on chromosomes 6A and 8A.
Aoyama and Yamamoto 4) have reported that a considerable amount of kaempferol and small amount of quercetin were detected in green leaves of A. fistulosum. Several studies [23] [24] [25] on the edible bulbs of yellow and red onion (including shallot) have reported that a small amount of kaempferol was detected with a considerable amount of quercetin. Nuutila et al. 26) have shown that the yellow onion leaves contained mainly kaempferol, while the red onion leaves accumulated a large amount of quercetin as the most abundant flavonoids. The shallot used in this study, as a parental line of MALs, showed red bulb pigmentation similar to the red onion. So it seemed that the shallot leaves would mainly contain quercetin. The difference of polyphenol composition in the leaves between A. fistulosum and shallot would have been caused by anonymous genes related to the upregulation of quercetin production located on the shallot chromosomes. Those genes might have contributed to the higher quercetin content in the leaves of several MALs. Huang et al. 10) have reported that quercetin substantially contributed to a high ORAC value in comparison with kaempferol at the same concentrations. The high ORAC values of several MALs might consequently have been caused by in the higher quercetin content than that of kaempferol.
The average ORAC value of all MALs (1,789 mmol TE/100 g FW) is higher than that of spinach, red onion, and green pepper that show relatively high ORAC values for vegetables (1480, 1530, and 1600 mmol TE/ 100 g FW, respectively), as described by Ou et al. 27) FF+2A and FF+6A showed considerably higher ORAC values (2,166 and 2,645 mmol TE/100 g FW) than those vegetables. These two MALs (FF+2A and FF+6A) could be utilized as a desirable dietary source having high antioxidative activity for fresh vegetables. The morphological characteristics of FF+2A show no desirable traits, i.e., a short leaf length, slender leaf blade, and light green leaf blade. 5) In contrast, no notable imperfections in the morphological characteristics of FF+6A were apparent. It therefore seems that FF+6A could be more desirable than FF+2A in the case of the new A. fistulosum cultivars.
